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Abstract 
Single-flank and double-flank rolling tests are functional verifications to obtain representative parameters of the future gear 
behavior under operating conditions. The reliability of the results are questioned due to the great number of error sources together 
with a lack of norms that could provide a standard traceability procedure. Currently, there are not commercial machines that 
integre both tests. In this work, the development of an equipment which combines single-flank and double-flank rolling tests for 
worm-worm gear is presented. Consequently, complete studies about principal influences and relation between both types of test 
can be performed. The results obtained will allow to develop a traceable calibration procedure to stablish measurement 
uncertainty of gear rolling testers. 
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1. Introduction 
The different geometric configurations of the existing types of gears generate specific manufacturing and 
verification procedures. Checks carried out with simple manual instruments such as micrometers, callipers and dial 
indicators are both fast and cost-effective. They are widely used for initial inspection purposes, and to ensure that the 
various production stages are not subject to any ongoing defects. If quality control of the final manufacturing process 
is to be thorough, automatic inspection techniques based on continuous detection is recommendable for being more 
accurate and complete. Both dedicated gear measuring instruments (GMI) and adapted coordinate measuring 
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machines (CMM) can measure and verify the same parameters, removing the subjective assessment of the operator. 
In regard to automatic verification techniques for gears, as an alternative to GMIs and CMMs, single-flank and 
double-flank rolling tests are the most representative techniques [1]. The rolling tests are special measuring 
procedures where a test gear and a master gear of higher accuracy grade are rolled against each other obtaining as a 
result parameters representative of the future real working conditions of the test gear. Despite the single-flank rolling 
test covers the vast results of the double-flank rolling test, this last test procedure is broadly extended in the industry 
due to its simplicity and more economical condition. This could be the main reason why roll testing machines that 
could integrate both tests are not currently available in the market. 
On the other hand, the accuracy grade of gears is classified according to values indicated in different norms [2]–
[4]. There are few standards that define test conditions and tester verifications clearly, and are only 
recommendations [5]–[7]. Furthermore, there is not any certified laboratory to calibrate this kind of testers. 
Additionally, the reliability of the results are questioned because they are subjected to micrometric dynamic 
measurements with a large number of influences [8]–[11]. Therefore, it is of interests to characterize correctly all 
error sources to calculated testers measurement uncertainty. 
This work presents an equipment which combines single-flank and double-flank rolling tests for worm-worm gear 
broadening the current measuring ranges offered. It provides an opportunity to characterize principal error sources as 
well as developing the traceability of a calibration standard procedure for this kind of testers. 
2. Roll testing machines 
2.1. Rolling tests description 
There are two types of rolling test, referred to respectively as single-flank and double-flank rolling test or as 
tangential composite and radial composite testing. They are apparently very similar in terms of configuration and 
results, but they involve different measuring techniques and therefore different interpretations of the data obtained. 
Both tests can be used to measure cylindrical, conical and worm-transmission gears. Generally consists of comparing 
the rotating test gear to a conjugate pattern gear of optimum quality. If a total absence of defects in the pattern wheel 
is assumed, all deviations detected can therefore be attributed to the test gear [5]–[7]. 
According to the standard equipment configuration in single-flank rolling test (Fig. 1a), both master gear and test 
gear are located at the nominal distance between centres (a) in order to compare the angle rotated between the master 
gear (φ1) and the test gear (φ2) in 360° obtaining in this way the transmission error. The results are expressed as a 
sinusoidal graph that allows us to obtain information on variations affecting the profile, pitch, accumulated pitch and 
runout of a gear, using the Fourier Transform. 
 
 
Fig. 1. (a) Single-flank rolling test; (b) Double-flank rolling test.  
In the double-flank rolling test (Fig. 1b), centre distance variations (Δa”) between both gears is measured rolling 
without backlash during one complete revolution. The application of force in the direction of minimum distance (a”) 
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ensures that the left- and right-hand flanks mesh simultaneously throughout. The sinusoidal graph resulted allows 
detecting quickly damaged teeth, unsteady clamping and manufacturing process problems. 
2.2. Commercial equipments 
Most of commercial equipments often have a similar structure. On a robust bed plate, a backlash-free carriage is 
ridden on high-precision linear guidance systems or prismatic ways for placing both gears at nominal centre 
distance. On the other side, a second carriage or vertical column with several regulations is assembled. They usually 
are small modular equipment that allow to perform a variety of gear configurations (Fig. 2a).  
 
 
Fig. 2. (a) Commercial rolling tester (source Frenco); (b) Special rolling tester (source Marposs).  
On the other hand, dedicated machines can be found in the market. They habitually have little flexibility and a 
high price in comparison with the first. Special inspection equipments are adapted to the customer’s needs. 
Verifications usually are carry out directly on production lines (Fig. 2b).  
Anyway, it does not exist commercial gear rolling testers that integrate both tests. Single-flank rolling testers 
realize more exhaustive controls and usually are localized into metrology laboratory. They are more expensive due 
to the type of measurement, high-precision lecture of two angles. Although, this test provides complete information 
about gear quality, the result interpretation requires a complicate analysis. In contrast, double-flank testers are 
cheaper because only a little linear movement has to be measured. It can be founded easily on workshops controlling 
manufacturing process as well as into a laboratory. It is widely used in gear world because they are faster and more 
efficient than single-flank testers, to check some error sources. 
It may be that a rolling tester that integre both tests was hardly demanded on the market. It makes sense when 
principal influences and relation between both tests results want to be studied.  It is possible to eliminate the 
potential sources of error if the tests are carried out on the same mechanical and cinematic structure. Therefore, 
results obtained will be more reliable by keeping identical testing conditions. 
2.3. Principles of design and applied standard 
A gear rolling tester must have a rigid design that avoid any unexpected deformation. Besides, it should be easily 
operated with respect to testing realization, gear replacement and axe alignments. On the other hand, the indications 
included in the few norms existed are very generals [5]–[7]. The norms insist on the gears must be clamped in such 
way that their rotation axis coincides with the functional rotation axis during measurement. This means that the 
gears must be accommodated either at the bearing seats o between tips. Eccentrics owing to assemble can be 
minimized using suitable fasteners. 
The centre distance must be adjustable, accurate and repeatable. Moreover, gear rolling test must be at low speed, 
between 15 and 30 rpm, so that the dynamic influences do not disturb the results. In single-flank testing, an 
adjustable brake between 1 to 5 Nm is necessary on test gear shaft to rotate only when it is pushed by the master. 
Whereas in double-flank testing, a regulating elastic system must force to rotate without backlash to both gears. Just 
AGMA 915-2 [7] includes any recommendation about the amount of applied spring load. 
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The machine design focuses on worm and worm gear transmissions. ANSI/AGMA 2111-A98 [12] is the only 
norm that describes procedures and applications about gear rolling test for this type of gears, so its main guidelines 
have been followed. In this case, worm is the master gear and drives the worm gear. In line with the principle of 
single-flank rolling test, there are to read the angle rotated for both wheels at once (Figure 3a). Starting under same 
conditions as single-flank testing, in double-flank testing (Figure 3b) worm gear is liberated and forced to rotate 
without backlash in a lower center distance than nominal distance. Then variation of its position is registered 
continuously.  
 
 
Fig. 3. Schematic of worm gear tester (source [12]): (a) Single-flank test; (b) Double-flank test. 
3. Equipment description 
A roll testing machine has been developed, the machine has a classic structure, for worm and worm gear which 
includes both test (Fig. 4). A fixed column, called worm holder column (2), has been placed on one side of the cast 
steel bed plate (1). This column includes the regulation of both the height and angle of the worm axis. In addition 
has a cross-piece on which the master worm is located. Oppositely, the worm gear holder carriage (3) is placed, 
which locates gears to the nominal distance between centers. This carriage includes another carriage which arranges 
the gear test that provides the necessary oscillation movement during the test of two sides.  
 
 
Fig. 4. General dimensions of the machine. 
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3.1. Machine performances 
The equipment has the ability to measure worm gear accuracy grade from 6 to 10, reference diameter from 100 to 
600 mm and modules from 2 to 12. Master worm up to 150 mm reference diameter and up to 1000 mm length could 
be used. The machine performances certainly are better than the common sizes available in commercial catalogues 
nowadays for any of the two test.  
Both the design of the components and the selection of measuring instruments have been made according to the 
standards. The standards ISO 1328-1: 2013 and ISO 1328-2:1997 were taken as a reference to quantify the worm 
gear quality. The smaller values that must be measured on the machine are included in Table 1. For gears with 
reference diameter (D) of 100 mm and module normal (Mn) bigger than 2 the tooth-to-tooth tangential composite 
deviation (fi') is 25 µm for accuracy grade 6. This corresponds to a maximum angle variation for this diameter of 
100". Furthermore, for the same dimensions and quality, the tooth-to-tooth radial composite deviation (fi”) is 
approximatively 10 µm and therefore is the value of the maximum allowable variation between centres for that 
accuracy grade. 
     Table 1. fi’ and fi” values for accuracy grade 6 according to ISO [2], [3]. 
D (mm) Mn fi’ (μm) fi” (µm) 
100 >2 25 (100”) 9,5 
 
The machine includes two Heidenhain LF 481 C linear encoders that measure displacements with an accuracy of 
±1 µm. Firstly, the gear centre distance (a) and secondly the relative position between the worm axis and the mid-
plane of worm gear mesh surface (z) (Fig. 5a). For single-flank test, the measurement of turned angles (φ1 and φ2) 
is provided by two angular encoders 285 C RON Heidenhain with a tolerance of ±5". However for double-flank test, 
the small variations between centers (Δa") are measured with a length gauge Heidenhain ST 1288, whose accuracy 
is ±1 µm (Fig. 5b).  
 
 
Fig. 5. Principal regulations and movements of the tester.  
3.2. Main parts of the machine 
The machine, showed in Figure 4, is divided into three main parts: bed plate (1) worm holder column (2) and 
worm gear holder carriage (3). A control system and a PC are also included. 
3.2.1. Bed plate 
An existing bed plate (1.1) from a machine designed originally to check Klingelnberg PFS 600 profiles has been 
used after verification of performances. A high accuracy ball screw spindle (1.2) has been included in order to 
position manually the worm gear holder carriage at the nominal distance between centres. A linear encoder (1.4) to 
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ensure the position has been also fixed to the bed plate. For moving the carriage, linear guides M/V type (1.3) are 
included which allow to reduce significantly the gap. (See Fig. 6). 
 
 
Fig. 6. Bed plate. 
3.2.2. Worm holder column 
The linear guides also M/V type (2.2) are mounted in a cast steel fixed column (2.1). A sliding carriage (2.3) 
propelled manually using a hand wheel and mechanical lift (2.4), slides vertically adjusting the relative height 
between the gears. The position is monitored by the linear encoder (2.5) fixed to the column. On the carriage is 
coupled a system to adjust the angle between the axis of the gears (2.6). Over this system a cross-piece (2.7) is 
located where worm could be mounted between tips. Master worm is actuated by a driving spindle (2.8) that 
incorporates one angular encoder. The elastic system of tailstock helps to replace the master (2.9). (See Fig. 7).  
 
 
Fig. 7. Worm holder column.  
3.2.3. Worm gear holder carriage 
The worm gear holder carriage (3.1) moves along the M/V of the bed plate and incorporates the linear encoder 
reader (3.2). Over it, a second carriage (3.3) slides, also with precision linear guides M/V (3.4), for double-flank 
testing. The system also includes an operating lever (3.5) which releases or locks the last carriage; a kinematic seat 
(3.6) which ensures repeatability of the starting position of the test; an adjustable elastic system (3.7) which ensures 
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meshing without backlash; and a length gauge (3.8) which is reading the variation of the distance between centres of 
the wheels. 
The worm gear shaft (3.9) is mounted on high precision tapered roller bearings to absorb both radial and axial 
loads. The lower edge incorporates an angular encoder (3.10) to compare the rotation between both gears. Moreover, 
an adjustable friction braking system (3.11) is included to properly perform the single-flank testing. (See Fig. 8).  
 
 
Fig. 8. Worm gear holder carriage.  
3.2.4. Control system 
The control system runs in a PC where the operator executes the actions through a touch screen. At the end of the 
test, the graphical results appears on the screen and the data are saved for future reference (Fig. 9). The system 
includes a customized software including the following modules: 
x Management of measurement: motor control, reading encoders and linear probe, calibration procedures and reset. 
x Management of the testing results: data processing, presentation of results and reporting. 
x Management of part references: defining the main parameters for the gear, references database and historical 
testing.  
 
 
Fig. 9. Example of tester software.  
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3.3. Calibration 
Before starting inspections, in a future work, roll testing machine will be verified and calibrated using habitual 
procedures in CMM and machine-tool calibration [13], [14]. Recommendations relative to the evaluation rolling 
testers included in AGMA 935-A05 [15] will be followed too.  
After the alignment and calibration of the equipment, the error sources affecting the relative gears positioning, 
their measurement and error propagation to the final test parameters will be characterized. Due to the extreme 
equipment sensitivity to error sources, an error experimental characterization will be done in order to estimate the 
influence of the different parameters on the final result. 
4. Conclusions 
The number of variables influencing the roll testing procedures together with the lack of clear standards for 
testing equipment construction and calibration, makes it necessary to analyze the effect of each parameter. The 
integration of both rolling tests, single-flank and double-flank, in the same machine allows to have identical testing 
conditions and to obtain reliable conclusions regarding the influences in worm gear evaluation procedures. It 
provides an opportunity to characterize principal error sources as well as developing the traceability of a calibration 
standard procedure for this kind of testers, making it possible to calculate their measurement uncertainty. 
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